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CONSTRUCTION  SLSJCSHTS  OF  THE  M0HBB3J  VACUUM  ESTING 

INDUSTRY 


by  Or.  of  Engineering  Heins  Haas,  Sensche id- Leaner1 
(translated  froa  the  German;  YDI,  Zeiteehrift  dee  rereines 
deutsches  ingenieure,  vol*  9^«  Number  13,  Sasseldorf,  1  Hay  1932) 


^Abstract  froa  a  discourse  delivered  at  the  session  of  the  labor 


cOBoissions’  *contstractioa  elements  of  apparatus  manufacture* 
in  Bad  Ereusnach  on  the  23th  and  26th  of  March,  1932* 


THE  mOTIGAL  COHSI336FATION  OF  THE  VIEWPOINTS  OF  THE  EStYING 
IHDuSTHT,—  The  practical  consideration  of  the  viewpoints  of  the 
drying  industry  lead  to  a  cylindrical  or  rectangular  housing  form 
depending  on  the  node  of  operation  of  the  vacuus  dryer*  Also  the 
rectangular  housing  fore  is  welded  many  times  today  and  is  pro¬ 
vided  with  con  rusting  inner  walls*  In  the  case  of  turbine  dryers 
the  deposit  and  the  packing  box  are  carried  out  separately*  Par¬ 
ticular  attention  is  devoted  to  the  proportion  of  the  heat  transfer 
which  occurs  from  the  heating  body  to  the  material  to  be  dried 
(tha  product)  and  to  the  housing  as  well  as  to  the  outer  heating 
cover  in  order  that  corrosion  due  to  condensation  of  the  lipoid 
nag  be  avoided* 

THS  APP8GFBIAT3  HOUSING  JOSH.  - From  an  evacuAAei  container  due 
to  the  out aide  pressure  of  one  atmosphere  on  each  square  meter 
of  surface  of  the  mil  of  the  container  a  gravity  of  ten  tons 
must  exist  at  the  surface  of  the  container  walls: so  that  they 
are  not  crushed  in  by  the  great  pressure,  they  must  either  he 
very  thick  or  correspondingly  strengthened*  Cylindrical  evacuated 
containers  are  capable  of  resistance  of  a i  remarkable  outside 
pressure  so  that  in  proportion  a  smaller  wall  thickness  is  needed 
end  additional  supports  can  be  neglected*  From  the  standpoint 
of  the  constructors  it  is  seen  ffirom  this  that  cylindrical  vessels 
with  arched  doors,  oofsrs  and  floors  are  to  be  preferred  ae 
vacuum  apparatuses* 

3uwh  a  cylindrical  housing  form  already  exists  In  the  case  of  tta 
vacuum  turbine  dryer  in  which  the  self  turning  blade  mechanism 
inorder  to  be  entirely  effective  requires  a  cylindrical/  cover 
Just  ae  alec  in  the  case  of  tho  vacuum  drum  dryer  in  which  the 
housing  fora  turns  Itself  on  its  own  axis*  With  ths  vacuum 
plate  dryer  the  steam  heated  paay  on  the  bases  of  the  reverberatory 
mechanise  describes  a  ring-tar fest  shape*  The  cylindrical  housing 
form  is  adapts!  appropriately  to  this  plats  form*  It  is  clsar 
that  for  all  thsss  drying  apparatus's  ths  cylindrical  housing  form 
was  applied  is  she  btginning  of  the  field  and  also  still  prevails 
today* 

For  the  vacuum  drying  chamber,  the  vacuum  one  and  two- roller 
dryer,  the  vacuum  spray  tunnel  dryer,  tho  cylindrical  housing 

fo«  doss  mot  remit  la.  itself  froa  tho.manaor  of  op  oration 
of  tho  laataUatian*  ho  first  vacuum  drying  chambers  which 


had  been  assembled  by  Sail  Pans  burg  in  Buasla  for  the  drying 
of  eogar  loaves  in  regard  to  the  simple  production  also  posses aed 
a  cylindrical  housing  fora.  To  he  sure  these  were  suitable  on  the 
basis  of  stability  and  production,  cylindrical  evacuation  chamber* 
tew  hare  from  the  standpoint  of  the  drying  industry  anuhber  of 
essential  disadvantages  which  have  led  to  the  use  of  sore  and  more 
rectangular  vacuus  drying  chambers*  Figure^  1  shows  a  vacuum  drying 
chamber  with  a  cylindrical  heading  fora  and  figure  2  a  drying  chamber 
With  an  equal  loading  surface  which  is  placed  in  a  rectangular 
Housing  fora*  0  »e  sees  iiswdiately  that  the  cylindrical  drying 
chamber  has  above  and  below  as  well  at  laterally  from  the  healing 
plate  pile  a  large  dead  space  which  in  the  different  eisee  of 
dryers  wakes  up  5&*  110$  of  the  volume  of  the  rectangular  construction. 
The  required  floor  space  of  the  cylindrical  chamber  in  relation 
to  the  highth  and  width  is  10-  larger.  Also  in  front  of  and  be¬ 
hind  the  drying  chamber  a  eondiderablp  larger  free  space  from  the 
circular  door  of  the  cylindrical  chamber  is  necessary  than  in  front 
of  the  door  of  the  rectangular  chamber  of  equal  capacity.  The 
vacuum  pump  which  is  necessary  to  evacuate  the  vacuum  dryer  determines 
now  first  of  all  not  by  the  vapor  concentration  which  ie  produced 
in  a  uMt  of  time  and  also  not  the  concentration  of  the  outside 
air  which  presses  in  through  outside  leakage  but  through  the  time 
in  which  the  desired  vacuum  in  which  the  substance  to  be  dried  ie 
'  oapablcof  being  produced.  The  sensitive  produce  wheih  ie  to  be 
dried  which  would  undergo  damage  if  a  critical  temperature  were 
obtained  la  placed  in  the  drying  tray,  which  is  warmed  previously 
by  Mans  of  steam  or  by  some  fuel  in  the  hot  plate.  Thus  the 
arrangement  cast  be  prepared  very  rapidly  and  be  evacuated  to  a 
residual  pressure  in  order  that  the  product  does  not  assume  this 
critical  temperature.  The  residual  pressure  must  be  less  than  the 
saturated  vapor  pressure  at  the  critical  temperature  of  the  product 
which  is  being  dried.  One  therefore  adjusts  the  vacuum  pump  for 
the  sensitive  material  to  be  dried  in  such  a  way  that  the  desired 
vacuum  is  obtained  within  5  minutes  after  the  starting  of  the  p»mp. 
With  lass  sensitive  products  ons  can  sxtend  the  duration  of  the 
evacuation  to  tan  minutes,  With  cylindrical  drying  cfthambers 
with  their  greater  volume  compared  to  dec t angular  drying  chambers 
of  equal  drying  capacity  there  are  therefore  correspondingly  larger 
vacuum  praps,  that  is  to  say  Maher  prime  ooste,  larger  required 
floor  space  and  ©win*,  to  the  greater  power  required,  the  cost  of 
operation  necessarily  runs  highar. 

Since  the  vacuum  drying  is  not  an  evaporation  process  bpfc  rather 
a  vaporisation  process,  the  vapor  consists  almost  exclusively  of 
•team,  Bve. /where  there,  where  it  could  be  cooled  below  its 
saturation  ••Msrattue,  a  condensation  occurs  as  a  result.  The 
vapor  contained  corrosive  substances  therefore  condensation  allows 
the  formation  of  loss  sod  thereby  promotes  corrosion.  Such  a 
condensation  can  not  occur  od  the  hot  plats  itself  since  it  hae 
a  higher  temperature  than  the  vapor  but  probably  does  occur  on  the 
housing  wall  if  they  are  not  supplied  with  sufficient  heat 
essentially  by  means  of  heat  conduction  or  radiation  from  the  hot 
plats  fe  that  their  temperature  lies  above  the  temperature  of 
eoadsnsatiaa  of  the  vapor  la  spite  of  the  host  loss  to  the  outside, 

A  glasses  at  figure  1  shows  clearly  now  that  the  beat  through  conduction 
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fro®  conduction  fro®  the  hot  plate  above  the  support  of  the 
cylindrical  cover  of  the  vacuum  drier  is  carried  only  to  eight 
areas.  In  the  case  of  rectangular  drying  chaobers  in  which  the 
individual  iron  supports  on  which  the  hot  plate  rest*  are  welded 
directly  to  the  wall  of  the  housing,  the  heat,  as  apposed  to  that 
in  the  cyliddrical  dryers  can  bs  conducted  to  a  great  many  connecting 
place*.  Also  relativs  to  the  heat  transfer  by  radiation  it  is 
found  that  the  cylindrical  chambers  owing  to  the  greater  mean 
interval  of  the  housing  wall  f:us  the  hot  plate  fMf/H  is  less  than 
that  in  the  rectangular  chamber.  It  is  therefore  a  general  dis¬ 
advantage  of  these  kinds  of  cylindrical  chambers  that  A  condensing 
sump  is  usually  formed  on  the  plats  floor  during  the  drying  which 
influences  unfavorable  the  drjrtgg  process  and  in  the  pre  sense  of 
corrosive  vapors  leads  to  an  undesirable  corrosion  phenomenon. 

This  condensation  can  be  avoided  if  one  inclose*  the  housing  outside 
with  a  heating  ooil  and  then  further  suitably  insulates  it,  With 
the  rectangular  chamber,  which  in  itself  is  already  slightly  prons 
to  condsnsation,  mu  one  is  therefore,  in  the  cate  of  german  and 
American  design*  (modern)  converted  into  devalopbdg  the  covers  and 
plate  floor*  of  the  drying  chambers  equal  to  the  hot  plate*  Thus 
the  side  walls  fora  with  their  upper  and  lower  parts  synchronous 
to  the  sidewalls  of  ths  heating  plate  so  that  in  addition  a  heat 
transfer  py  conduction  occurs* 


These  statements  Irdleatfc/  that  from  the  standpoint  of  the  drying 
Industry  a  rectangular  vacuum  drying  chamber  with  the  relnforeemen 
which  depends  on  its  shape  of  design  Is  preferred  unconditionally 
as  apposed  to  the  cylindrical  vacuum  drying  chamber,  especially 
for  what,  it  offers  the  designer* 


0 


for  the  vacuum-roller  dryer  ths  dsad  spacs  is  generally  without 
influence  on  the  drying  proc  js*  Since  this  dryer  vortys  largely 
continuously  one  begins  oftsn  with  the  insertion  of  the  product 
if  the  desired  vacuum  is  to  be  obtained*  for  the  one  roller  dryer 
the  cylindrical  housing  is  prsffmrsd  in  adaptation  to  Its  turning 
cylindrical  roller.  In  the  case  of  the  two  rollerdryer,  to  be 
sure,  the  cylindrical  housing  also  predominate*  but  one  also 
encounters  the  rectangular  housing  esptelally  for  small  desiggs* 
Since  in  this  styls  of  drytr  ths  heat  is  transferred  essentially 
by  radiation  fToatht  rollers  to  the  walls  of  ths  housing  ths 
condensation  can  bs  avoided  only  by  ths  outside  heating  of  the 
housing* 


for  the  vacuum- shaking  plate  dryer  which  owing  to  its  good  auto¬ 
mat  io  discharge  in  cases  where  the  material  is  gummy  as  for  ex¬ 
ample  with  nylon  cuttings,  has  oome  into  use  as  opposed  to  the 
vacuum  drjtm  dryer.  Ths  cylindrical  dsslgjta  is  used  throughout 
sines  in  this  type,  also  from  the  viewpoint  of  the  drying  industry, 
there  is  so  disadvantage  as  opposed  to  the  rectangular  fora.  In 
both  oasas  one  would  load  only  1/3  of  the  toatalvolua*  so  that  in  Kp 
both  types  ths  empty  spaces  to  be  evacuated  ere  equal* 

Also  with  ths  spray  tunnel  dryer  which  likewise  works  continue  mly 

the. cylindrical  housing  design  has  so  dlsegvantafu  in  industrial 
drying t  here  also  the  Aonieniatlon  must  bu  prevented  by  outside 
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heating. 

With  this  shourt  insight  into  tthe  appropriate  housing  fora 
of  the  different  type*  of  vacuum  dryer ■  the  particular  kind  of 
dryer  ie  to  be  Indicated  by  special  construction  elements. 

WALL  MATERIALS  ASd  lUXBZ&ttOl  IN  THE  DBYISO  GHAKBEES.— 
fwrsereJy  tbs  rectangular  housing  was  frequently  made  of  cast 
iron  since  the  production  of  such  housings  with  sheet  iron  caused 
difficulties  with  ths  nteessary  reinforcement.  The  sore  that 
welding  found  acceptance  in  apparatus  construction  the  more  men 
converted  to  welded  eteel  busing.  In  favor  of  the  cast  housing 
to  b#  sure  wee  the  soaswhht  greater  corrosion  resisting  quality 
of  the  oaet  iron  as  opposed  to  the  ^seel.  But  it  is  possible  today 
in  welded  steel  oaMnots  to  avoid  all  condes»%tion  (  the  real 
prerequisite  for  rust)  so  that  this  advantage  of  the  cast  housing 
Is  unessential.  Welded  eteel  vacuum  drying  chambers  which  were 
loaded  with  acldlferous  die  pulp  have  worked  satisfactorily  over 
t  ten  .**■%  period  whAieae  the  tubing  oonneoted  to  these  cabinets 
which  weir  not  pnotected  from  condensation  had  to  be  replaced  every 
few  years.  This  clearly  shows  how  important  it  la  to  construct 
the  chamber  in  such  a  manner  that  all  parts  are  sufficiently  heated 
so  that  all  condensation  is  avoided. 

In  the  couase  of  the  year  there  ie  formed  on  the  iron  of  the  hot 
plate  and  on  the  cabinet  housing  a  thin  oxidation  flit  im  which 
a  part  can  be  scraped  fr-a.ths  insertion  of  the  drying  tray  in 
a  careless  manner, thi eh  vhen  falls  into  the  tray  of  the  obtained 
product.  Consequently,  in  the  case  of  chambers  for  high  quality 
material  vhloh  are  sensitive  to  that  kind  of  trace  of  foreign 
bodies  (as  pharmaceutical  products,  for  exapple  penicillin,  silver 
salts  for  the  photoindustry,  pure  white  pigmente,bleachigg  agents) 
one  changed  over  therefore  to  manufacturing  the  inner  walls  partley 
or  completely  of  stainless  steel,  figure  3  Shows  one  such  modern 
drying  ohamber  which  oonslste  completely  on  the  inside  of  stainless 
steel.  Also  the  metallisation  of  the  inner  parte  has  resulted  in 
»  good  protection  froa  rust. 

Ths  thlehnse*  of  ths  layar  in  which  ons  subjects  ths  product  to  the 
drying  process  influences  ths  tins  of  drying  in  the  first  to  second 
power  according  to  American  investigations.  With  materials  to  be 
dried  whiih  are  wet  and  good  conductors  of  heat  It  can  thus  be 
caloulhted  that  the  drying  time  id  11  increase  in  direct  proportion 
to  the  thickness  of  the  layer;  with  dry  substances  which  are  poor 
heat  conductors  ths  tins  increases  as  ths  square  of  the  tUdhkness. 

On  the  overage,  with  thicker  layers  of  the  produot,  a  smaller  drying 
capacity  of  the  installation  ie  obtained  although  there  ie  less 
manual  labor  involved  per  unit  of  production.  In  gene.il  the  in¬ 
stallation  la  calculated  for  a  a  thickness  of  the  layer  of  10  ms. 

TBB  SBAfW  A HO  OOJHOQAT1D  SOFWI90  II  TUSBIH  OTISS.— 
nth  the  vaomna  turbine  dryers  the  performance  of  the  sdlf  turn¬ 
ing  blade  supporting  tubes  bars  always  csdssd  difficulties  through 
ths  fromt  walls  during  short  periods  sf  operation.  This  drying 
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apparatus  which,  in  itself,  is  completely  suitable  for  vacuum 
drying  has  accordingly  not  found  the  distribution  whihh  actually 
is  due  it.  In  the  early  designs  the  seating  of  the  turbine  supporting 
shaft  combined  with  the  packing  bo-,  Thereby  a  proportionately 
coaqplicated  system  is  obtained  completely  Irrespective  of  the 
precautionary  measures  which  always  must  be  provided;  therefore  care 
was  takhn  that  no  oil  from  the  seating  reached  the  product.  In 
modorn  designs  the  seating  and  the  packing  box  are  accordingly  as  is 
shown  in  figure  4  separated  from  each  other.  A  disadvantage  of  this 
design,  to  be  sure,  is  that  the  seating  interval  which  is  sorowh&t 
larger,  compared  to  early  designs,  wher-by  a  h'yhcr  bending  ( flex¬ 
ural)  stress  of  the  blade  supporting  tubes  is  bbtained.  This 
disadvantage,  however,  is  more  than  compensated  for  by  the  suitable 
and  clearly  arranged  construction.  Just  how  far  the  replacement 
of  the  packing  box  through  slip-ring  seals  will  bring  further 
advantage,  the  future  must  demonstrate. 

HEATING  ELEMENTS  AND  PLATE  SPACING  FOB  THE  DRYING  LHAkBEH. — 

In  regard  to  the  heating  of  different  vacuum  installations  there  axe 
also  several  questions  which  are  of  reed  significance  for  the 
designer  and  for  the  drying  technician.  For  the  vacuum  drying 
chamber  one  can  use  for  the  heating  on  the  one  hand  heating  plates 
and  on  the  other  hand  heating  grates.  Also  if  each  producer  of  that 
kind  of  vacuum  installation  attempts  to  shapt  the  surface  of  the 
heating  plate  as  flat  «a  possible  as  the  floor  plate  of  the  drying 
plate,  one  must  obtainjf  in  practice  frequently  only  a  moderately 
flat  bjrt  multipoint  contact.  On  the  other  hand  if  one  usee  a  heating 
grate  then  a  linear  but  single  point  contact  appears.  It  is  therefore 
understandable  that  the  heat  transfer  in  respect  to  a  heating 
grate  with  an  equal  temperature  gradient  is  smaller  than  that  of 
a  heating  plate.  Architecturally  the  heating  grate  is  however  more 
convenient  for  predeurea  higher  than  5  w  more  atmospheric  excess 
pressures  since  the  heating  plate  then  would  have  a  wall  thickness 
which  would  make  it  axtremsly  heavy.  Thus  the  thickness  of the 
walls  which  would  be  necessary  would  amount  to  for  example  S  ™.  with 
2-3  atmospheric  excess  pressures,  6-7  mm.  with  5  a.e.p.  and  10  mm 
with  10  a.e.p.  One  should  now  assume  that  l  with  grate 

heating  individual  areas  would  dry  differentially  and  Indeed  in  such 
a  way  that  the  material  nearly  over  the  heating  tube  woild  dry 
faster  in  comparison  and  that  over  the  interspaces  would  dry  more 
•lowly.  However,  as  long  as  tthe  material  is  still  fluid  the  steam 
bubbles  which  were  generated  in  the  drying  mix  thoroughly  the  material 
•o  that  A  differential  heating  is  not  to  be  expected.  The  material 
becomes  viscous  so  that  equalliiddg  currants  can  no  longer  exist 
and  at  the  time  of  drying  of  the  material  there  still  prevails  a 
relatively  favorable  heat  transfer  coefficient  so  that  temporartljr 
the  danger  of  a  differential  drying  exists.  When  the  material 
becomes  dry  and  thus  the  heat  transfer  at  the  time  of  drying  ofthe 
material  becomes  very  email  then  a  heat  equalisation  by  means  of 
coniuotion  within  the  drying  tray  occurs  and  the  danger  of  a 
differential  drying  ie  again  etoppdd.  Practical  studies  with 
heating  grates  have  confirmed  this. 

A  further  significant  question  is  that  of  selecting  the  plate 

of  -|U  11  U  toUr*ln^  V  the  material  which  is 
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to  bw  dried*  It  tends  to  foam,  that  is,  it  passes  through  a 
viscous  p^hats  so  that  os«  selects  in  general  a  large  interval. 

In  other  respects  one  Units  the  interval  to  the  extent  that  with 
a  given  heigfrth  of  the  drying  tray  a  satisfactory  insertion  of 
the  trays  Is  s/till  allowed.  In  order  to  utilise  the  heat  of 
radiation  of  the  uper  tray  one  should  select  an  interval  not 
larger  than  is  necessary  according  to  the  reasons  just  given. 

The  data  on  the  portion  of  radiation  in  the  transfer  of  heat 
are  very  different;  in  Germany  it  is  calculated  as  20-25*4,  in  the 
Uhited  States  of  Anerica  as  50^»  Table  1  shows  the  radiation 
portion  as  dependent  on  the  heat  transfer  coefficient,  k,  at  the 
tine  of  contact  of  the  product  in  the  case  of  warm  water-  and  steam- 
heating  of  the  platee.  As  is  to  be  assumed  the  portion  of  the 
heat  which  is  transferrsd  by  radiation  falls  as  the  coefficient 
of  heat  transfer,  k,  increases  and,  indeed,  in  the  case  of  steam 
hfeating  from  4 S£  when  k  ■  5  k  oal/n^h°0  (  thus  an  already  rather 
dry  substance  )  to  13*7^  when  k  -  30  k  cal/a£h°C  (thus  a  rather 
material)*  It  is  further  found  that  the  radiation  portion 
increases  as  the  temperature  of  the  fuel  increases  (warm  w&ter-  * 
steam-  heat).  Table  2  shows  that  the  portion  of  radiation  increases 
as  the  tray  interval  Increases  and  indeed  this  is  somewhat 

■ore  with  bigger  prays  than  with  smaller  trays.  If  the  trays  were 
infinitely  large  end  a  uniformly  high  vacuum  prevailed  in  tho  dryer 
then  the  interval  of  the  trays  would  be  practically  without  effect 
ol  the  heat  radiation.  The  smaller  the  trays  become  the  more  heat 
of  the  upper  tray  goes  by  the  product  and  Is  radiated  to  the  side 
walls.  As  the  earlier  statements  show  this  heat  loss  by  radiation 
le  entirely  to  be  desired,  hotfeverp  since  it  introduces  to  ths 
cabinet  housing  the  heat  necessary  for  the  prevention  of  conden¬ 
sation* 

In  the  case  of  turbine  dryers,  especially  with  high  vapor  pressures, 
the  question  is  raised  whither  a  double  cover  heating  or  a  heating 
by  external  pipe  colls, which  are  welded  on,  are  convenient*  In 
the  case  of  the  double  cover,  the  thlcknees  of  the  inner  cover  must 
amount  to,  for  example  In  a  dryer  of  known  slse,  16  *»  with  2 
atmospheric  excess  pressures  but  24  mm  already  at  6  a.e.p*  In 
tube  heating  the  thickness  of  the  cover  le  determined  only  by 
the  outside  pressure  of  1  atmospheric  excess  pressure.  The  cover  ia 
supported  eo  well  by  the  welded  £abes  that  it  can  be  kept  rela¬ 
tively  thin.  On  the  other  hand  the  coefficients  of  heat  transfer, 
k,  are,  in  the  case  01  heating  by  pipe  colls,  somewhat  smaller  than 
with  the  double  cover  heating.  Table  3  shows  these  kinds  of  values 
which  were  calculated  on  the  basis  of  American  supports  and  the 
values  which  wise  meaner sd  in  practice  la  similar  installations 
agree  very  well  with  them.  It  is  clear  that  with  the  decreasing 
moisture  content  in  tha  product  the  difference*  in  the  k-velues 
disappear  more  amd  more  sinew  it  then  is  controlled  to  a  great 
degree  by  the  coefficient  of  heat  transfer  of  the  time  of  the  material 
to  be  dried*  A  disadvantage  of  th*  heating  by  pipe  ooils  lias  in 
the  fact  that  a  large  welding  is  necessary  for  tha  carrying  out 
of  this  part;  tha  values  la  table  3  kold  true  far  tubas  with  two 
oemtiaaoui  weld! mg  seams. 
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Table  1»  Portion  of  radiation  in  the  total  heat  transfer  for 
cristallln#  materials  to  be  dried* 


Heat  transfer  coefficient 


kcal/ss2  C 


Kadi 4t ion  portion  in  $  in  the  oaee  of 

Wsjmwater  heating  '  Steamheating 
'n"d  •  (2  a.e.p.) 


5 

.  43 

1 

4s 

15 

,  20 

1 

23-5 

30 

>  12 

i 

i 

s 

1 

1 

13.7 

Table  2*  Influence 

of  tray  size  and  tray  interval 

on  the  portion 

of  radiation  for  steareheatlng  with  a  heat 

transfer 

coefficient 

of  k:  5 

tray  si  sc 

1  portion  of  radiation  in  4  tfc  the  case 

a  *  a 

1  of  a 

tray  interval  of 

•  150  aa 

1 

IGu  BB  1  50  ™ 

1  •  1 

1  4g 

1 

50.4 

•  51.8 

1.5  •  1 

•  50 

1 

1 

1 

52.5 

•  54 

t 

Table  3* Coefficient 

■  of  heat  transfer 

k 

in  the  cover  of 

vacuum  turbine  dryers 

KIND  of  aaterial 

•  I  IN  ICjLt  ii£h°0 

'Secline  of  output 

handled 

'  with 

•in  #  through  tube 

1 double-aaver  ' 

tube  heating 

1  heating 

1  heating  ' 

boiling  1 elution 

,  1320 

900 

,  32 

agitated  solution 

•  670  g 

no 

.  *8.5 

viscous  substance 

.  580  , 

485 

.  16.5 

ltuqpy  mas 
starch  of  40%  at 

.  320  , 
t  « 

290 

.  9.5 

SD%  huoddity 

.  58  . 

* 

56.5 

,  2.5 

..I"  . 1 

t  - < 

L.  -*L.  i 

m  a 


?lg.  1  Cylindrical  h  craning  Fig.  2.  Kectangular  housing 

Tigs.  1  and  L  Tacrma-  drying  ehaabsrs  with  oqual  feeding  boxes 
and  diffsrent  housing  foi 


